Urothelial dysplasia and carcinoma in situ (CIS) are related to recurrence and progression of urothelial carcinoma. Distinguishing CIS and dysplasia from reactive atypia is often difficult on the basis of histological features alone. Cytokeratin 20 (CK20), p53, and Ki-67 are related either to neoplastic change or prognosis in urothelial proliferations. The objective of the present study was to establish the immunohistochemical pattern of these three antibodies in urothelial dysplasia and CIS. Three groups of patients were evaluated: 40 nonneoplastic urothelial samples, 50 cases with histologically incontrovertible CIS, and 30 samples with nonconclusive atypical changes (atypia of unknown significance). Monoclonal antibodies (MoAb) against CK20, p53, and Ki-67 (MIB-1) were used on paraffin-embedded samples. Nonneoplastic urothelium showed no reactivity to CK20 except for umbrella cells; p53 and Ki-67 were negative or weakly positive in <10% of basal cells. In the CIS group, 42% showed positivity for all three MoAb; 44%, for two; and 14%, only for one. CK20 was positive through the full thickness of the urothelium in 72% of cases, p53 was positive in 80% of cases, and Ki-67, in 94% of cases. In the third group, the suspected dysplastic cells showed strong positivity in scattered cells through the epithelium in 75% of cases. Aberrant CK20 expression in urothelial cells plus overexpression of p53 and Ki-67 are indicators of dysplastic change in urothelial mucosa. Thus, immunohistochemistry is a useful tool to confirm the diagnosis of CIS and could be helpful to distinguish dysplastic changes from reactive atypia. 
Dysplastic changes and particularly the presence of CIS in urothelium have important clinical implication both in prognosis and treatment of patients with urothelial neoplasms (1) (2) (3) . Thus, identification of such cellular alteration is of great importance for correct management of these patients. Nevertheless, the interpretation of dysplastic change in urothelial cells is sometimes difficult on the basis of histological criteria alone, and frequently pathologists feel uncomfortable evaluating them, especially in small-cell CIS or when there is a significant loss of the urothelial lining with few atypical cells remaining. It is even more difficult to diagnose dysplasia in those cases in which urothelial atypia is observed in some cells but do not reach all the morphological criteria to be classified as CIS (1, 4 -6) .
Several biological markers have been reported in the literature to be good objective markers of progression of different neoplasms. The Ki-67 antigen recognized by the MIB-1 monoclonal antibody is a useful proliferation marker (7) (8) (9) (10) . Overexpression of the p53 gene product has been reported to be a marker of progression in urothelial carcinoma (11) (12) (13) (14) . CK20 is the last known component on the cytokeratin subgroup of intermediate filaments (15) . Its expression has been described as an objective marker of the neoplastic change of urothelial cells (16 -21) . All of these markers are easy to manage, and their interpretation has been quite standardized.
Thus, the purpose of the present study is to find whether the immunohistochemical expression of the panel CK20, p53, and Ki-67 in urothelium can be a tool for objectively distinguishing the cases with CIS and dysplastic urothelial changes from reactive nonneoplastic atypia.
WHO/ISUP criteria (1). Samples were collected from the files of the pathology department of our hospital. Samples from both ureter and urinary bladder were included. Forty cases of nonneoplastic urothelium, including samples of urinary bladder from necropsies and sections of ureter from nephrectomy specimens, were studied. We added a third group of 30 samples with cellular atypia that was suspicious but nonconclusive for dysplasia (atypia of unknown significance); these samples were obtained from mapping specimens in patients with concomitant urothelial carcinoma.
Immunohistochemistry was performed using the Envision (Dako Co, Carpinteria, California) method on 4-m-thick sections from formalin-fixed, paraffin-embedded blocks. MoAb to Ki-67 (MIB-1; 1:200, DAKO, Carpinteria, CA), p53 (1:200, BioGenex, San Ramon, CA), and CK20 (1:200, DAKO) were used. Samples with known positive reactivity for each MoAb were used as positive controls. As a negative control, a section was processed in which the primary antibody was changed by PBS.
We recorded the percentage of positive cells for each marker in each group of cases as well as the distribution of expression and its intensity. As previously reported, Ki-67 was considered positive when Ͼ10% of cells showed nuclear positive expression (9); p53 was considered positive when Ն20% of cells showed nuclear positivity (12) , and CK20 expression was considered aberrant when there was cytoplasmic expression on urothelial cells other than superficial umbrella cells (21) .
RESULTS
In nonneoplastic urothelium, CK20 was negative in the whole epithelium and expressed cytoplasmic positivity in a patchy way, just in umbrella cells in 14 cases. Ki-67 was expressed in basal cells with a weak-mild intensity in Ͻ5% of cells in 18 cases (45%). Similarly, p53 was expressed weakly in nuclei of some scattered cells, predominantly in a basal distribution, in 15 (37.5%) cases, always in Ͻ5% of cells. (Fig. 1) When CIS immunohistochemical profile was analyzed, cases were considered positive by strict adherence to the criteria mentioned above. Thus, some cases were recorded as negative for some of the MoAb according to the percentage of positive cells, although some of them showed a variable number of intense positive cells (Cases 1, 30, 33, and 41). Results for the CIS group are summarized in Fig. 2 ).
In the group of unknown significance atypia, we found 73.3% positivity for p53, 40% positivity for Ki-67, and 30% positivity for CK20. Also, 23.3% of cases were negative to the whole panel, 36.7% were positive just for one antibody, 13.3% were positive for two antibodies, and 26.7% were positive for the whole panel (Table 2 ). If we considered as positive the cases with intense, incontrovertible reaction to any of the MoAb in some cells, irrespective of the percentage, nuclear reactivity to p53 and Ki-67 was observed in 67.85% and 35.7% of cases, respectively. CK20 expression was cytoplasmic on scattered basal or intermediate cells in 25% of cases (Fig. 3) . Differences between the two groups are reflected in Table 3 .
DISCUSSION
Urothelial carcinoma is a recurrent neoplasm with a significant number of cases in which neoplasm progresses to an infiltrating, very aggressive disease. CIS is a neoplastic change of the urothelium considered to be a high-grade neoplasm and is an indicator of progression of urothelial neoplasm that requires specific treatment (1, 2, 22 ). There are cases in which cell pleomorphism is so evident that it is easy to make a diagnosis of CIS. Nevertheless, there are still many cases such as small-cell CIS, or the clinging form with denuded epithelium and few remaining cells, in which pathologists do not feel absolutely confident in the diagnosis of CIS. Urothelial dysplasia has been considered a putative precursor of CIS, an invasive urothelial carcinoma of the urinary tract (1). Nevertheless, the distinction between reactive and dysplastic changes has not been resolved, even after publication of the WHO/ ISUP classifications (4 -6). There still are no definite morphological criteria to diagnose CIS, and there is great inter-and intraobserver disagreement. Furthermore, little is known about the evolution of cases with dysplastic changes in the absence of CIS or invasive neoplasia (23) . Finding objective markers to aid in the distinction of true dysplastic changes from reactive cellular alterations is one of the challenges for uropathologists. Proliferation markers, oncogene products, adhesion molecules, and many other types of biological markers (24 -26) have been studied to find a way to distinguish those 8 0  2 0  2  2  2 0  -30  2  3  9 0  3 0  8 0  3  4  -50  80  2  5  -50  20  2  6  -20  80  2  7  9 0  9 0  5 0  3  8  7 0  9 0  9 0  3  9  2 5  5 0  5 0  3  10  -90  25  2  11  --15  1  12  90  70  10  3  13  80  90  90  3  14  20  -90  2  15  30  50  30  3  16  90  80  10  3  17  5  50  50  2  18  10  2  20  1  19  30  -10  2  20  20  -10  2  21  25  90  90  3  22  -40  25  2  23  55  90  10  3  24  20  90  90  3  25  10  90  90  2  26  30  50  90  3  27  -90  90  2  28  20  50  90  3  29  -60  60  2  30  10  99  20  2  31  40  -90  2  32  50  -90  2  33  20  5  50  2  34  10  50  -1  35  10  -30  1  36  50  30  50  3  37  20  30  80  3  38  50  10  80  2  39  50  90  80  3  40  20  40  30  3  41  80  5  50  2  42  50  --1  43  80  --1  44  90  30  20  3  45  -90  5  1  46  80  -30  2  47  20  -10  2  48  90  50  90  3  49  90  50  50  3  50  50  50 patients with a poorer prognosis of their disease in order to offer the best treatment. In this way, p53 uniformly has been reported as a marker of progression in transitional cell carcinoma (11) (12) (13) (14) . CK20 has been proposed as a marker of neoplastic change as well as a predictor for progression of urothelial carcinoma (18 -21) . Ki-67 is a proliferation marker, with demonstrated usefulness in many neoplasms in determining their progression (7) (8) (9) (10) (11) .
Our results confirm the normal immunohistochemical profile in nonneoplastic urothelium. Harden et al. (21) have already described the aberrant pattern of expression for CK20 as the presence of cytoplasmic immunostaining of urothelial cells other than superficial, umbrella cells. Ki-67 and p53 in nonneoplastic urothelium have been considered to be nonexpressed. Some of our cases have shown some weak positivity in the basal cell layer. Because of that, we consider positivity for MoAb only when there is intense nuclear reaction.
According to our results, the immunohistochemical panel composed of p53, Ki-67, and CK20 is useful for confirming the presence of dysplastic changes in the urothelium. The positivity was always strong and, in many cases, in a high percentage of cells (ranging from 50 -90%). This immunohistochemical profile is clearly different from the one observed in normal urothelium, in which the whole panel is always negative or just weakly positive in few cells. From this comparison, we can conclude that our proposed immunohistochemical panel for studying dysplastic urothelial changes is adequate. McKenney et al. (27) recently have published similar results for CK20 and p53 in a series of 21 CIS cases and 25 nonneoplastic urothelia. Although our results are in agreement with those of that study, we have found that Ki-67 is the most constant marker associated with CIS and in a higher percentage. In the same way, in the group of atypical nonconclusive changes, Ki-67 expression was the most evident and confident. Although in the control group there was some positivity for Ki-67, it was always weak and in a basal distribution.
In daily practice we have found the immunohistochemical panel with CK20, Ki-67, and p53 MoAb of great help in confirming CIS, particularly in cases with denuded epithelium but suspicious cells or in small-cell CIS.
Because the immunohistochemical profile obtained for the group of unknown-significance atypia was also substantially different from the normal, nonneoplastic urothelium, we could anticipate that the expression of those MoAb might be useful for distinguishing preneoplastic urothelial changes from reactive atypia. Among this group of cases, we found intense and aberrant expression for the MoAb evaluated. Evaluation of those markers can be of aid in better defining the histological criteria of urothelial dysplasia. According to our results, the presence of intense positivity of suspicious cells for at least one of the MoAb would confirm the presence of dysplastic changes. Prospective clinical correlation of large series with patients without concomitant CIS or invasive carcinoma is needed to confirm that hypothesis and to understand its clinical implication.
